Augmented orbiter heat rejection study by Hixon, C. W.
  
 
 
N O T I C E 
 
THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 
https://ntrs.nasa.gov/search.jsp?R=19810016600 2020-03-21T12:19:55+00:00Z
r.
r.
r.
•
(111S1-CR-160992) 1U6d1NTED ORBITER HE1T	 1181-25135
REJECTION STUDY Final Report ( sought Corp.,
Dallas, Tex.) 132 p BC 107/11F 101 CSCL 22S
^	 Onclas
^G3/16 26551
Augmented Orbiter
I
Heat Refection Study
FINAL REPORT
CONTRACT NAS9-14907 (Mod. 18)
REPORT NO. 2-53020/1R-52679
PREPARED FOR
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
JOHNSON SPACE CENTER
18 F'E'BRUARY 1981
^'	 J
by
vouGHT
coRpoaATion
r
L
r.
if
f
HIXON-
.,
APPROVED BY:
R 4 4-le
REVIEWED BY:PREPARED BY:
f	 '
r
y Augmented Orbiter
Heat Rejection Stud y^
FINAL REPORT
	
^e	
CONTRACT NAS9-14907 (Mod. 18)
REPORT NO. 2-S3020J1R-S2679
1
PREPARED FOR
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
	
_	 JOHOSON SPACE CENTER
18 FTB RUARY 1981
by
VOUGI-IT
CORPORPTIon
_.-"M
PREFACE
This document is submitted by the Vought Corporation, an LTV
Oompany, Dallas, Texas 75265 to the National Aeronautics and Space
Administration, Johnson Spacecraft Center (JSC), Houston, Texas, in
accordance with Contract No. NAS9 -14907 Modifications No. 18, dated
1 August 1980. It is the Final Rer.;r., and fulfills the requirements
of DRL No. T-7777, Line Item 2, DI'V ',!A-183T.
PRECEDING PAGE BLANK NOT FILMED
oft€®INO 040 l^ Im
t930
WZ
O
O
N
W
N
W
cc
CL
(AW
Z W
Q Z
o a
Q W
F^
V1
LU
W
W cr Z
O V
M
N
C^Z_
a
N ^
O ZN Q
^ Np
WZ p
U
CrO o -^
^ W
Q
^Z
,
LA. Zc ap O
xi- NJ WLLJ
Wz Z = a
C.Q.)
H-
L) LL- Q
O>^
^
'aWC
iO
T
z
O
0
H w
cn z E4
^a a w o
w q a
a a x o
00E-4 aH a •• E+ a
°
x
cnH w u aa N ^ as
O S O
^
H
j
w	 ►-+ E-4 Pr. O
a q H O w
W
a
''
w
U	 a a cn
`n aO w o x^
Q	 E4 U H Er >+ W
a U s zz
E 4 cn w H a O
w	 a vi h w vq 	 w a z w q
H x H ^i°a z H a
wa a H w m oE-4 x
`na V) E-4
o	 ac w to a s z q
U
H	 z E4 ^ ^+ H Q
cn	 O H^ ;N ^; a - cn
HW a w H 0 tN+ Q
h W H W E4 to W to D
ki x R1 t H CC 04 E+
x E+ a E^ ^ cn toq
11C WW-
E 4 >4 4 O Q w x z > w
Q GC U U U E-4 H H q
qq a w w ax qq a w
w w w a cn O q q E4
w a q qH z H w
H q w u) t a t
tx a E-4 z O
o w
U
ri)
%a
TWJ
AW
U
N
HUw
cr-
0
a_
aW
O_
N
wa
a o-^
`^ NO
Oo HH
aw i
WO H
a
a ^
Go O
u
O
w _
a aO
a
^^ a
^ Ha
U
a
°-. f a O
uHiw0u0a
ql
to
kaO
a
oa
>w
z HH (n
A \H
E-4
°cn a03 u w E-4
u
(n
a H^ o a
y H Z u H a	 w
^ ^oI
A
z
W
U
A
1-N
z
w
cC
U
C
x
O'
r^
rl00ON
r-4
T
a
7
o cn rU^ 3
a z U >
u0 ao ^a
w a
uw wH Q
^--►
tj
o a w
oNz
^ z
U
O \
to Ln o
Z
^
W
ra H \04
^W a Q
H c+ 3J
CY
Z W ^
H
a o
a
Q
W
h
H
z	 a0	 0
E^ H	 a
o	 o w	 z 41	
a^
r. H	 to H Ul tra H	 0 &4
a H	 Gaa H as V) o a. H w :i Q
U J H	 V H V 1J 0 U W n-36 H
U. ZL, '..t I U't..-1 Ur.	 44
c
0
uU.3 p I
1
c^Ca UUQ UUtn
H
H H >
/-1 H H H
0
ao\
N
rl
r-1
r-1
v
N
rx
n
O
1
r
t
i_
R
r
t
i
Lo
3
0
A ;e_
	
a
a^ a
F F z
FzzGZ
U:^Qw
L ►-+C: a
- A
Oo	 0o -tr W.
CD A ¢
•-+AA¢
C C:) 00
^ F EF• Q
zo ¢F
wLn
000a0.A
i	 I	 I	 I
z0
F
U
il.
U
w
a
v;
wF
0.
w
cL
W
IzIll
w
aWA
C^
A
z
v)
F
w
A
O
W
ai
a
w
a
V)
W
u^
C
a
:L
c_
F
¢
a
W
0.O
a
U
W
zC
QF
F
0o a
00
;^ U
O a
A a¢¢
¢ate
a
A WA0u
z^z
Av;a
A O A6 0. A
3AA. w WWcY,F
CL U F
z
czK
^¢w
;s a
v;F U z
z Q^ 0
FaF
cn w V
^12
v^ z
O
 >
Wm
aA
A
A
a
w
a
u,
O
X
a
z
w
a
0.
a
t^
wF
z4
W V) a
a W d
A C07
z: uww>w
z>r-. wO a^
0-+=Aa
v: C
v; F A
►-• >- o z
LW
w 6"O ¢ a F
w O a
to 3 M —
o u:cnoo
as ¢
v z ^-•
W C .-7
v^ F^w
=UFa
¢ W U
t' .) c^ w wC4
^ O A a
,.,0^
wu, Foc
zQ:F-a.X00
v'JAao)U o,
zz g o
I	 1	 4	 1
rn
al
O
F
..a
¢M
W
z0
z
w
w
w
as
wU
z U QOQw
a	 V) w z
w	 x z Q
C) ►-• c^ w _
.-, X ¢ a. F¢ ac F ^-•
a ^' o rr; a
w F z o>-cnCZwG ¢ ^F W
v)	 ¢U^c..7
z oo w ¢¢C v }aC V; z
►- 	 F z O
crJ 	 r w O ^-•
V) z x — F
► + O	 F U
,^ .-^wFU¢
a r)w z a
o¢ vJ ^-• c.. ^F0o w ^-+ .-^ ^ F w
w Fca^
Cau.;^-.a^F
wQUxaFz
cw^ .wcYOAw^
(/i W	 ,e ?•
az>zc^>-o
O¢ 0 0. 0 W
w.-. G.Ja
U V3>»LY,^0. wr-. to ¢ Q u: A
„> ►
- A w A
MM >-C o
W q1t	 G RY
(n LC -4 11) N Ln "
¢
a
U
A ^;
a)
w
a
w	 a o
w	 ^ a
^ w
w	 w
rz-a	 OG W
F	 a a
A	 U O
an V)
F	 v
F A w
a Q¢ O
o z wa a
•-^	 oa w w
F w F a
o^ o aaa zW ^ AoG F
a A¢ F w w FW xwaA z
a V)".a2" w
zxz wtoo F
W 00 ►-+F2 V)X" z 	 O ^-+
xcn m  V)
N ^ ¢ Q .--1 ..7 OU
F .-^ o 0FzwA00 to
w O F¢ z HU	 _j C.) IT
^-• axw^ a
wa0 OF w
A a QO CL
►— O V) O W
>- a A ►n .-^ F
A4W ¢N WAa UAcnaGA ►-^ .-a z F zW0F¢A<""
zz•yzw gv)
a—.O x O a WP"
LL. U	 Cl. .-j a
w LL	 >- ¢A ^O 0.FFWFF
oO a 
A L v w w A w¢O a.-7UF
o^0^--WWGC,¢¢z..^FAA¢Lt. 
^ ,- 0-4F >cn^-+wc.. ► .¢wc%11-
wa.a 0wzw
^OaUA ►-•Fw
,	 1	 a	 ,	 ,	 1
G
wN
z
,0
	
w	 ,
W a^
^ V A
x .-. a
^ F Aa000^0
U V)
O Ln
o co cu >-
c^ a ¢
va`
 d ¢ ^U
rnF0
•• N^ C7
^-- O ¢OOOWU
a^z
O N zA r-.O zF 
cx ¢ F
F w FtiV)zV)z
a O O O wW UG.U.4F
,	 I	 ,	 ,
a
n.
WA
xF
a
	
z
wUa
waT w
^ z
a ^
w a
°' zO O ¢O 
N
0za0
•-,A F aawV	 ¢ Fa`,,
z w	 a aG
►-^ A w a0 V)u
	 wa0
w w	 'sU0.	 OV)O
V) ¢ V)	 a z F
W4 w	 ..a0
z U H V)wp.'.	 ¢FE-
a ^"'
z
FF	 v)	 U
w zw	 w ¢A U
~v.	 ¢axO w A	 w0 ►-•
U v as a^¢w wwaa
z z 	 zzz
V) ^, cFna	 AwF z`
-'
z	 O
z a ► •	 ^w
W w^	 •-+a w
^ >- F ►-^ F Ls. W C..
w F ^^z ao V)'
a ►- ¢ as w w a c.^..a > O a.a a
o 1-4w oaoC) 0 0
O m U .4cs. F
0E-AAw¢ ada aEO¢ Lti	 r-. A U WUV aazaav: ^A o	 O.4.a
z a O :^ ►-. ts. U u. W
FON t-A ►.Fa^N•
►- ¢ o z z U a AF Z , W a- 4 W zF ::AU.aF:c ¢
►^z '^¢AAzx zO
V) U
w W
U "74 W
>- tt. CGF aW W F
w F ¢
¢ :c w
^ ^ x
I #
a:
w
F
as
aA	 oW
a	 cr
v.
w	 oA	 ¢0z	 a
O c>	 >-
^-+ W w 6Fc^a 0.
wv)AAo
wOQFWA+%O
F^caF40 ►-+0.0
^HL^A Cx
WC•;AQ
o w A
V)F >O
Q A F
x A W W
cnWwUa
^--• U a a
QCC+F.^
F A ^-• ^
.l Q	 {l:C CL	 A
F
C)
	
c
+
A
H
x0U
(A
x
..a
W
AL^
Ax
6
V)
H
t=:
tl.
a
G
Ll:
a,
w
oc w
Ago
aw
^w ¢ zF^ sU
oc+ F
a u, F-ox wX
O G O cn a
^-+ w a o
OG
¢
U O W ^	 ^ is:
c^0 w za A ^ HwF5 ?w z ^^ o o w A
a.4 w a .a	 .a	 oa
CZ >-	 a	 w
acc wA wz ¢	 w	 AR.
G W C7 Q ;^ O 0.	 A	 WA x 0 00 z	 W	 ^^
t-x a9.a xa
L O >- — c^
o	 CEZ	 LL. F-i-.	 F	 w	 " ►-.
M:06 > F F U	 «-t 0. W.	 O
.4 U :^ o	 ¢	 ¢	 g s^C Q t-)^^ x Q 0 CG	 -+ t/)	 _	 ra
...) U A C 0. F	 F U .-7	 QC.
a ►- O ► • ^>- V)	 Z 
wF Fa w^V) cn	 4W>=	 OFA .-,
t^ ^a :GF w UF- C
	 z	 acYU QC^. c7^OG0.^w.	 cs,<O	 7- •--^ :. X	 :c G	 w	 U	 .-^ C
C i4 ;r H A 's	 ^-+ O	 0.
4t, ! C . -^ V) x .-a >- w U	 ►-+ W- O	 V; V)
0. V) a 00 G QGQ >XC.)	 C:Gww
<, 0.. p0 00 •• Xs k. Q	 !_F^^•Z:Z
►- u:
¢s C'UF• eoc zCV, Qi-F	 GGa	 AC a z	 O'FWQ
;^^-• C+. PY" w ►-+Z o .-1 C LL:F W F!ti.i:.¢FA <'c a V)0 W. > aXZF- - W.X U O v,^-+ W00Z_zx:F^--U u: ►-F E- 0.QXU—OA
V) z Q Z.. A .c Q — :c )c W L
V)>-V; 2F O w^ z ►- ►-. ►- ►-mow;v C¢04 Fa a w0^: ^s <.^s.a^G:G
V, x FFV)
cxAu; a U z x :sA ^^^^,^ZUW F
Q
U
Q
L w ^
4 F oc
Lr
G
F
aF
a
H
w
i•
C
..7
w
G
F
Q
AG
w
w
x
c-
w
or.
T
G
.,
U
µ^^
W
CG
E-
dW
x
w
G
:^q
«-+
H
Q
r-.
.^.
a
w
u.
Nr
wo
20 	Ln ChQo H0
0Ho
ujLU
ul	 2 W0uj	 Lu
CL	
DOW*
y 	
YO ^ y ^ d 	^	 ^ 4 u4 	 aW	 0	 LU Luuj
C4 CC
0 LUof 
z
LL U) X
4
- Lu 05 C)< 4 >0	 -1 >cc cc
w
^	 W	 ^ Z H Z ^-
wz	 cc UA
ccF
d
.HWz
cr.
D	
w
w
w	
z
w	 cc
J W to D
cc	 '4W	 5?5N t-0
IVA I
(MX) N01133mi 1V3H
nzOH
F
H
w
x
w
H
PQ
oC
O
W
PQ
Hz
xw
W>
W
Q 
¢
d
I
I
a
Q
H
z
H0p
Ln
Otl1 WC4,o O a >Z ww
• •
z
z
rx w A
O
^oat. CDzQa00H U Wa,aak^aaz^N H
ax °0,450.
N V) M N
q ® a
'	 p	 oO	 G	 M	 N	 r4n	 d'
(IMN) Noil3dfdu IVJH
F
^► G CT N Lnd Q •
ct: oC ^' r--1 •--1
VV ♦ 1
C:):= ^-i r-1 .-i
0:^W -
}Q t
L11 M o
3 O 07 LA
Q C14 ri ri_W 1 1 1
O >-
N
LP1
00 LD
z3 •M-1 4o LO
f--^i1 1 r--1 1
^' 1
w
tD CDM ? ^
319NV AIIAd3
W
cn
3W
O`
ui
W
V)
N
W
U-
1
2m0
H
D`
W
W
Ca
.Jw
w
u
J
W
LL
F
i
>l<
F--
GQ
0
M
_)
cx Z
Lij =3
Z o
W a-
Cr) %--,
W
F-
3
F^-
W
z
z
OH
H ^
OaW
W UH H H
zWwH w w
z
^`WO
W ^^
P 	 o'
a
Ea to W
3 A dp
H in
aO^
Ln a a
ra
Ei
O
Z
.	 F
Z
0
Q
W
Z
W
W
H
Q3
1-W
s
.r	
rS^``
ca
 M
a
TO0
0
IV
b4
(E-4^NWN
`^ 7r
Hzw
^
aH
^a
akaP4
Z)
cn z0
z !
H V
E-E W
13hD a
W^
a
4
b4 W
w
Ln o Q Lno
2
^ 0
w vii
D
Na
E-4H Nr 0 L ular Mo
H0 10P Off' Inez Nrl
P4 ri ri rl rl r-i P4 r-I rl
Qa
w WW W
Q r^ o o ax Ln o
+7 ••^  N to MN MN M Q
% E
D RC
.En
aH
oa W M M ^n ^n o ^o N oW
,n 4 10 •m C1 e-I
0 .-I N Ch	 V rl N r-1 M
z
3 '
A4v
Q
p Ln o Ln o Ln o Ln 0W
W4 ri N rl N r4 N 1.4 N
M d' M d' M d' M d'
a
a
aE
0
E
>4
I
>4
H
H
H W3
W
W
Q
H
D
W
L]
3
W
Q
u
W
Q
L) z^
z 7 0 Ex 9 0 L) 0x
L^ U) En V) cn Ln Lo (n O
U) to
to
x
E ui
O
o
'n °
U) a M %D (n `°P I
En
-4
wID
N
ca
W
NH
s
M,
O^
.Ow
R
w1
FWj
e
E
^W.
^a E
O
^•9 H aU'
Ri
so 04
9H [^
c^
O
a
z cn x w
E-4
E-4 z W H cn
w H
C
Q^ W W H ul
W^ z a a z°G°
7
Hao w a w ^ a w w w z ^
W U .-. W E W Ei U) W W H H
x
O a can can ^ °H p D z m
H H az WWw H H H H H H
Hw
H
3
H
3
H
3
H
3 °
H3 H3 U)
0
a
w 2
as ° 4J 4J 4J 4J w 4J +► a
w o-IZc c`1 3x: ^4a w w C H w E-i
a E+
M C^7 cn o m cn Q r- N 3 z W
z
Q er c4 ^ H
e-I
o
r-I r-I
E
rl
w
1--1
a
E-4
H
F 4HEa W z
z
H
° Ha a
z^H HoO a H a a
a o z °w H
w O W cn W W
H H H a 3i+4 H W.H
H
°
as M'a7
a' o a z Nz o z z° I
Ln w x
O U E
O u1 W H
^o M a 3
• o •
MA
HE
:W
in
W^aH H
as
ma
H H
ui w w
H ^W
a o a
E-4
	
aE4
z xx
H as
47 Q R^
W zz
w W
E-4
	 w rWas
a as
U can can
w a34 a^4
W	 oo r•+
°	 r+
a	 11
L)
z
O
u
•
T0
wa
E-
o
w
wH
z
a
a
zw
0a
w
w0
z0
H
az
wHwa
Q^
Q
W
N ^
N4, Q
^	 3
0^
c
I^
9
1	 !
1 _
	 l-
-	 1	
-.. 4. 
	
Od
l7	 +	 1`
CID N ^
i
F,.
3j
4
W -^
_1
H(:rr E4V1R&NA4E4T
^^=-SOO
WING 2
WING I
N
^--- SU N
i
704 4
VVIROMMEnlT
WINO 2
WING I
4M -IMIK
0	 6 =.yes
	
_ .
/4O	 200
	
300	 40o	 500	 640
026/ raL A LT/TOD&F " V. A4.
0
N
a
F
W
OO
F¢
W
a
V)W
ra
F
aWa
O
a
w
a
.¢a
¢
¢
v;
z0
v;
w
V)
4,
U
F
v;
aO3
vJ
W
ra
F
zO
FU
W
h
w
a
E-
wS
U
aF
W
a
aO
w
w
0
0
n
u
z
F
FU
w
a
wvi
r,N
W.00
0
a
w
oa
z
F
FU
w
a
w
0
a
U
F
3
A
WFz
w
a
O
w
.-a
UH
w
A
z
O
0
rn
u
F
w
F ^
w caa z¢ a
H
z a
w ¢
z
o =
a F
►-a o
W :^
zF ^
c^ w
T
O
CnW
ra0
F
F
zW
z
O
a
w
O
a
w
zO
a
Uz0
U
0
0 0
o ^
r-1
rL
^. 0
0 aQ ri
I!	 II
z z
1-,	 1-,
VF F
•
	
•
	
•
i V!
n
rE	 !
vi
o
a5
F5
F—
Q
ZQ
a.WU
V
H--
Y
CO
w
. D
CC
t9
30
I
cc
H /	
H	
W pQ
W^	 \
]L r	 `	
J
Icc	 Lis
c?^3 sa	 ^
oc ^
^D H\	 z	 /	 via
W 4L
^°.i
06
1.
I	 °0J!^	 7
US
XCL
to 0
ac a
Ou
OTCOJ	 -	 [ gO
v=	 Q U at	 a.
WH
o	 U b"
a, a
N.
1 0
I.	 1
t^7 N
W N1
F- F-
Z C.
t
COOJ
A«rOJ
O
YN
O
F--
aO
O
LL-
to
H-Z
d_
CO
L7
J
c^
O
CG
H
W
cZ^Q
XW
F^
QQ
J}
Q
CL
a:WN
W a
4: O
O O
J
Z
U.
O
W
O Q
Q
^ oW J
F. }
Z Q
I
Q
H
Q W
^^ g
^ O
t/r a J
 
WI--Qs a..-
W . OsW
.0at .D U0: za
ou. JNOg
V W V J
q WQ
«»
Ix aocU
Ja W ti
w  0W
H- W Q
MCc W -
a W in W
.. _
O
coz af-
W Z
1-W ^X:
ac	 a.
..
w a W^00 oa
Ca F- a W
.4
GA
W
N
Fr
N
d.
Wu
T8
is
Ei
a	 I^
E ,;
i fft
ri IWO
I ^.
O
x
w
N
^w
U i4L.cK.
z
C CL
x
^_a Q w. w
^:
w^ •^ w. w..^ ^^ ^^ w^ w. w. ^^
I
^• ...^. w. rw ^. w.
C:
W N MN
—^
1.  J
ca
a ^: o	 r► ^ii
a
g
N J
^. ^ Judi \.%•^OFF%,
r d ii «.+
G V 
_5 cr.
I ^ ; ,
,_
- ^
z 4 d• u <° :°^ o
d
cc
A ,N
• ,•
^f
°^ ^
»X
t3 ^ so ^ ••s
060
CY ONO
•
,I	 Q ~^ Q. ^ M Z 4.
E-• Cad .,
!	 U
_
cc •
O
amt ^
mm
N
U C
N
Ou'ltd J;^
to r
._'
Ll
bRi
e a'^
it Of
K 1
it
J4
o
LL. o..O w
a
G W
44 A
N
PG -cc J
a N o-O A
z o
E-	
aUd
C:
) 
x
W
d t
1^--
E-
a
wU
zQ
1
i T
H
F
i z
tq
3 V) ^
O
Ch.W to enQ ^ W (no
^ 1	 1
n
N
M
W
Z
!	 ^
e
at et at aC w K w K
x x s x x x x
H H H N 1 •^ 1'"^ h HO O tl tl O O O O
►^ O .? W% en O o
tl
a a%M W w co %D Pn C9 0%
1r1 N N
W%
0
N N
II ^ ^ }^ d u ^ WQ cr a a o9" a	 o4' off"	 LLJ
t	
CJ	 J
Q	 W
o ac
• LYMn
JO
T+^U ^ Oo^ W06 ^ U-o W
r
Cl.
W yJ A_
p•	
0. ? :^J
W
cc
\
Ix
Lx \
LA 011
e W	 4. et
v n e	 :^
0n
v o F-
..^ u. r
:^	 un
J NW
.x
o
.r
v M
^
c
cx
o
n •V^ ^	 3 Ste.
u. S
•s a'
0 cic
i 1	 U.
^ 11
::Y CO
M
W O
= N
:C J
E3 W m O
4
ej J
J^ p
N
v.. •s r a
LL.
a	 1,,•
o^
J `^ 	 e0
I
3J
• W c^^
' •• o ► a	 O	 W
N
in
	
O
C9
a
H X 8=e a	
a°
^uu
e
^_$
E-1
NH	
Z
O	
Hw
u
o=_
	 ^^ E. ao H^waa^ao
45uu4w
zG04'wOHWa H,	 aaHwa
of
W
o 0 o
JJ ►+
G_Ci^ v^	
d
C4
HAOC!Ea= V  '.E'i UnZ
►" t c^ W
00 44
t-t O
H U
w
l
Opp
CL
O
n
C
Jv
J d` C
W 3 wW U E
V)
0. ? '1 0w
	
z H	 le $1	 <z
	
O U	 oJi	 +
	
go
•	 L4	
^ iw
t;	 W	 a
I h
a
(	 ^	 a
w
1 O
6 H
`	 N N
i
ox
1
6
t
	
St	 8	 ^	 $	 ^
/. 'wniwMwl «AIM*
1
k	 •
l
r
N
f
I
I
CONCEPT A
EvAL vATION OF EFFECT W SPAMIAB M1%
(CA Z FOR MINIM& EOCTi2 M MAER CM#VWS M SP4CE4A6
1 AI TEELOOP PX IAI TEEFACL
(11-14X SAME AS PLNX)
VOUGHT
QMOavLe
VEHICLE	 qL Nx
1(=2200 PPA	 F •,95
Q s6b kW
SPACE L A B
Q = /O.6 kW
EXR
°F
	 ExP.
I L NX
114'F	 ^i/ s 500 PPN (N=o)
854--
	
T/tO4 °IF
ACCIJ^V!
KIT	
W=ZZOO PPN (FZi)
F'UMP
7r V
RADIATOR: ! WING ; 4 PANELS
A = Z Z 5.5 FT = (REQ'D)
-4 kW
EXAMPLE JrM"AN WMi HARD T W RAPIArOoC
RESULTS=
i. iL NX ADDS 48our 15 PSI )vmLc a dP
Z. 4 KW WPAEM6 1TARY NEAT REJECT/oN MAINTAINS
SPACELAB MMER NULEr AT 4,2'F AND AMMER LOAD
BELOW 8.5 *W
a'N
E=.95
71F	 '
I` i
^^ ^ _	 CONCEPT ^ A
EV4LUAT/ON OF EFF fCT GYV SPAC6145 C? A/6
(CASE FOR MINIMAL &6CMICAL POWER CN.4%4 -S )
INTEELOOP HX INTERFACE0/L NX SAME AS PL ,Y)
JNCREASEO SPACELA8 Weee FLO#V
V®UGHT
	40 •F	 I Q
	
i	 w -s.r	 ^1 M04DULC
VEN/CLE	 P/1- MX
iN = 22ao PPN	 E =.77	 EXP.(F2/)
Q =/.3kW
SPACEL AB
0=10.2  kW
48.7 OF
ExR
t=.az
IL NX	 iv = 660 pp" (!zo)
40'F `	 " 90.6°F
A	 ACC
v-2400 PPN (F?J)
'IMP
TY L
EADIATOE., 2 WINGS; 7 PANELSI)VIAIG
A = 427 FT. Z / WING (klSQ 'D)
SAD.	 L = 31 FT.
i Q =,8.9 kw
ii	 EXAMACC SHOW 3 Wl rV HERO TL*Q O0/ArOt-
J?.^SULTS
!. /Lkx ALBS AgoUT 2.5 P31 Mrtr e dP
2. 8,9 kW &IMI.EMENMARY HEAT &.16 IAN MA/AIMAIS
Y	 SPACE[AB /NGET TEMPER.47vee AT 42 9F
3	 J. A10 ADMAANTA6E TO RAIS I Nl 91, TER FLOWRATE
COAX 6PT A
EkALUM10AI OF EFFECT ON SPAffLAB COOVIX
(CASE FOR MOQE eX TFNSWVE F.L,W ser 4L AWE& dMAN60S M S W44
INMR LOOP NX INTERFACE
(//-9X SAME A3 PGNX)
-2200 Ph
	 TQ11:7104 OD
PL NX
41 =8.5 kW	
F=.9s
E,xP,
1245	 I
/2.5 kW
EXP
/00 OF
IL NX /273
	
W= 540 pph 1l2o
kW
	
E=.977	 ./ °f
w - /500 pph
cooLANOL ZO
RAD/AMC PANE,
(60 X /8.7 '
= /ZS FTL
 Oeeq'a)
I	 -	 1
EXAAolftE' SiaowN WITH 3oF7 rM" RAD(,q-MC
,e6SULTS :
1. 11-NX ADDS A800T r- 15 PSI W06E A P
V O U C3 1"I T	 2, 4 kW JVPPC.EMEnJ TA,e Y HAT
REJEM70A) MAIAuTA/NS S?AGELAB
WAT'CR INLET AT 42 IF AND ORBfTEQ
LOAD AT 8.5 KM/t
c^
i
W
v
R
Xk	 0^	 rJ	 W
W	 W	 q
fo
i t
Pz
ku
^O	 ^	 Q	 u	 .. v p O W^ W
vJ ^	 4t ^ N M
v	 ^`	 $
s	 a
zz
n
x
T
C4
0
I
8
%0%
^ a
I
cfn
O
CMIN12ua
for--r	 -	 - r •	..mot.-.'»..-.----r--,	 "'---T-
PAYLOAD NEAT EXCHANGER FMSURE DROP	 ' - •.'	 ^
PAYLOAD !LOOP- P JMA)ty . _.__ .._.	 SY 755512•!
PLUi D t WATER 	 o 000,
a L
-
f	 -.
I-.
77 7n-- 7 -7-	 -	 -cl
. I, 0 — ---	 !O . o.. 40 40 10 40 76 ,60 10110 _	 - too	 » - 400 - 500 -6,^6 z -4—f..
PEIMARY PAYLOAD WA71TE FU14 04TO - L&A
REF. &D E. m 6,l "e.
J. V. e',4 CM I!,y
R^
{
I
vai o
H
MOE-4
^.
N3
.
`'^
~
w
3
v
LL-
LLJ
c75
W
%A
a
H
u
'^
H
a
cn
N
z
a
u
E-4
H
a
W
a
E-4
O
N
E-4
^
cn
a^
E-4
2u
0
u
W
a
^a
w
H
a
E-4
04
a
a
0
a
a
H
3
rH
W
a
v,
i
wE-4
3
a^
+
a
E
3
W
GWW
G44
u
z
H
4:3
z
O
z
i
H
w
N a
x can
^a zN
a
w
	 E-4
O U
z QH
w
N
z W
o w
cwn o
o a
a
a
a
E•
zN
O
a
a
H
H
z
W0
O
^aO
'a
a
H
a
z
u
Ou
N
a
z
N
i
o
a w a
a a
• • • •
N
to
yt
W
acoHI ^
t zF
O a^ a=
O F ^.H "C-• H
QaoHo
a
a" ^
z
^
a
cn U ad
vw
w
o0
O
aW O
,H o ^^ az a
° ^'' arcw o
A UOr z
A w A a
awo °Ox H^
,; H a U
¢ aa ap ^ w
= w H aA H Q
►. ¢ a Wow AA cn z ¢
W
^^HL+, wp AG A U AH W ^
z
w^a oaH
z
a
a
 V
GL
fJ	 a	 F EW- ¢
'..4zuPQ tn o6OaF
Oa
X cn
Iz°wo,tea o>¢ ox
w (OF.w= AO a AH I HA •H
as lo¢^a ^ Na
F- O -- ——0.
w uaU
zo ^U ►-^
.9
.t	 .l	 /
^	 Y	 I
	
Elf	 I
I!	 >^	 a	 IE	 .	 •	 >^	 •
I.I
tQi
1.
i
1
t
1
i
i	 ..
1
I
e1
>	
$	 .^ O r--4 .^
E	 i-)
IV b b O	 I4J
e u	 4
00	 b	 V to
lu
O	 F.	
BM
IL
^
.	 o
UQ
u	
'4 Q
mac
^^
•	 I	 WZ.
f2	
au
mw
^aWb
aO1
w rwuryr.wu ooi ^aavp
^	 y
t T a
Lo
o0
^^ 3 3
O Ma
a^ a
oJ
Q w
Q ^-+ Hbid /
/
y
µvo OHr..,
3 U
^a
z
a
^.. ^.xl r	 ^^^ s aa
J E-4 a
U. 0 ( I
H W
w H H
o
Oi l
I
a+a
^
V H
- $1 I
C
Ln X
X HU
y
I	 ¢ w ►-•
.a p ^t
.^ rr
^^ 3
^ '/.. U tL 4
tl -Y (ao¢ocr ►- L+- O z ^!!+ H
f1 cv o t- w 0
4.. a O
0. cn a a z
_. ° F= J
OU
. ,
OJ
dCl-
lF.i-IJJQd
1
O
J
Q
W
aw
v
U
0
i TIC 	 g
_Ng
N YiC	 ^^;u
^^	 o
9 J	 1a
I
a
H
W
°a
Ha
(T7 TN
x
aoWG
^aW HH
ox
a/
ma
E~ N
1	 E''N
T
H
N3
x
N
a x
a
1 a
w
HN
0
x
w3
3
O
s
H
3
s
a
.pO
U
a
HN
a
a
i
Ha0
i
f
41
.3 H
^o
C9
A N
'
4 aH g
Ln u
° co a
zu
U)
H 
a N^
uA o
a 4a H
8^ 4WHWHZ
~E64 1.4
to aw O z
a cn Eox '^HU
•Z. •-i NO
u
H
O
N 0-4 	'H•1
tj ^C
	 3
p
	 t/^
^	 s
W
a
a a
g
u
H H
O 0 H
ViN
H
O'
9
QE
r
to
30
H
O w 0 G
zo x >w >4H O a a
a
z
a w ci >•
cn 4 o ao Ha
Z
3 W ^
>+ o w H
a a w H
i can
UH
^]
~V Vl U) U
M H 9 4 N
^4
C) 3
r^ a N N GL Q;
►— x 4 ad
z o «^
W ^7 a w a O
c^7n5
a U a
ad
O H
a a cn H
LLJ >4QL41 H a w o 0
as a a a >4 H to
w .. a0 E-4 GL N a
wH H  w F HH U 2 O C7 u0 H aN
N
a x ►-^ 4>4 Z4
w
O
aW
,1-
d O H e a .N7 4 a H H
w O N^ 4 N a H
a
^a+a 4 F, H o
E-4
w
N
9 4
o
4
Lld 44
a w z w
a W a d o E-4 U w
• • • • •
C
a
N
S'
NhUd
E
cef
wh
Gq
aO
Oh
w
n
A
Q
whdz
E
J
w
F-
a.
wU
z
OU
N
T
h
d
! a ^ z r ^
n	 (^
^	 H	 U	 H K
I
1 0°
T
O
cntO
F-
a-
O
m
G
h
¢
-
G
W
Cl-
h-
GG^
J
Ca
JLL.
crO
a
w
c9
zd
U
X
w
hQ
w
ca
O
crSh
N
cr-
Uhd
wh^
-+ Z
^ 1O w
oh
Z F-
w
Z
O -»
Q 2
C'>
w O
Z ^'
-^ h
I
U
F-
a.
w
u
Z
O
L)
r
t!1
Fes°
W
Z
V
O
QO t/'1
O
F-
W
OV
J
Lb
J
W
FW--
^/f
L/1J
OC
0
W
Qa
W
m
I--
FU-0
T
e
J_
DOQ
Q
Z
O
H
Wn
W
F^
5
LA..
N
J
z
Q
v
flc
z0
Q
WD
N
O
O
Ln
F--a
W
z
V
Z
O
J
W
O
W
Q
a.
W
z
V
JW
Qd
D
c^
O
N
W_
O
t=-
Ln
Z
c^
Y
WO
O
F--
W
D
N
Ov
J
LL
W
CL
N7
W
t^
d'
v 
• • • 
• •
s
1
N
HCLWUz0U
0H
D
ce
V)z0
a
WO
NzOU
co
W
•
fnd
Ei
^	 T
0
/	
3
1^i
L11
w
^V
Q
Y
x
X IC
1
N1 ^;
M
N
W Q
J
0.j
Q^
a
t
i
o x^
r a
v
^O
X
tV
1
OO	 ^
W	 V)
^	 V
V)
uj
^	 O
V	 ^
p
4
Jd J ^
'p O1 ^
X ^ ?C
O ^
N p O
JQ T
!	 1
i
J A e0
o ^hh
4
.m
s
ito
WUZOU
O
r—Q
W^
}
t/y
ZOU
W
Z
a
Wm
F-
O
•
0
I	 6
k
N
d'
7_17:
VOUGHT
j	 IT,
.
v	
j	
T_
E
a=^ _	 (	
-f	
:i	
-.-	 -:--
	
_-
 =140 r-	 J().^  
t
_777-77
T	 7:
.	 .............
j
A 8 L E
. ......	
^
	 u9 STA8 
1 
LE—
T, 77-1
j^ F
1 n
'-:LCOOLANOL is
17
UMSTA 8 L Ef
--Ind
its 04^mAV	 J
WAU n.
	
--T - 7	 7.7 77=7
LCO	 _—_1__:_210 0.
AJ
L
_1__AP_P__RQ )LLMP_Tt___._STA
.—CANC I CAT F
_ 
_FLEX I IS LE-AADIATOR -FLU-1 0 -S
7i
A-
QQ
Q O
F- V
Q O
nom~
Q
W^
W
LL
WQ
I
o^
i
^ IQ
i
hl 0 14i ti
tz
2^ n
I
h
v
, Iv ow }i
of o ^^ ^
loo r. Mr -
y
vi Qh
`^ o
T
0
OO^
-_j
Q ^
QQ
Z
1
^O O I
Q
9
o
or
^	 R
^ w^	 J
^ q a
^ s zWs0
^j
r
A2 ^t
Q ^
WJQ ^
I
In
Z	 ^I IZ ^
^
t^ I^
o
I
^
U
d
V
^I w ^►
n.
O
l no `'Qv2r1
T
L9
0
r
d'
0I
N
F-d
WV
Z
O
_J
W
rzd
O
F-Q
F-
J
a.
V
O
v
W
11
W
LL-
F-
W
O
N
N
JQ
v
F--
W
t
Q
•
d
A
n ^,
I
^
I	 I	 I	 I	 I	 ^
T
1	 I
J
w
00
^ W
Q
W
I	 I	 I	 ^ .1
'	 I	 I	 1
,
Q
,	 I	 I	 II O
1	 1
W
ch
v
u^
v
FAMM4 ARVA
	 kit^4^
/67 FTZ
/I
WT, r' 44t o //^t
w v®rmh
wr.*^ Zoc
N/a 4 pph/7m
-cob	
-0	 -40	 -Zo	 4
	
4D	40
SAW 7FA IPFRATURC ' -f°P'j
Q
21
1I
{
G4	 ATM
LT AkAmcr*ic
1	 ^	 I	 !
Fd.t^Hl goo piotj
yy^^
	
	 I
-rt
ti
jJ. AREA = /(07 f rz
FL* W 2 Ov ^^lt
J
	
	
4. A46A = 334 t i I.
R-OW = 4tV. Plh
0.
of
-dn	 -60	 -40	 -2o	 d	 to	 40
,S/AX TEMPER ATURF ' ("F)
[ ►
zr
wr,r ^ Zoo
w 4 Paz,Qc
FUND : CoaANOL 20
/0 °F
yr = tOWRAME IrR/G
M
Ln
to
ItT
i .
	
I
E 7. ,	 a	 I	 i1_ , 'VOUGHT __
_	 w r. T
AWf.4 AREA.	 Wro- =400 F
ag
N
0
-80
	
—bo	 _,^	 ^In	 ©	 20	 40
.swk, -MMAE04TVieE
I'
0r
Tall
77T .	 VOUGHT
T,N = fo
A4EA7' 9EZ -PARAMETRIC.
Fr z
Plow s /oo PPN
4REA 33 FTC
^.. FLOW s 200
^- Q
20
ry=^^ph^TVtse
3. AREA =167 FT Z
F,40kv 200 PAO	
:	
ORIGIN,, P
4, ,4Q^/a = 33Q- fT
	 rii -4 oPh
	
^F ^ AGE
	
Ft cart/ = 40o pyo1^	 l7Vae	 Q^IALtly
—/O
-490	 _40	 -40	 -20	 0	 20
	
4.0
S/NK '& M P6k7ATUM (°F)
1 0
.05	 .06
	
.o7
F4oW 8E INSIDE DIgMETEP— — &J.
[•	 5
4
II
s
0
J
^	 W
io0
^	 h
G	 q
L
J	 O
2
z,
z
r
i	
W2
0.
K ter^^
I 	 t
1. .......
is
I
- 
77. C ^?
	 Q^
•
-?G^
v
8
r
6
s
3
2
B
7
n
5
4
V
2
B
2
L ^_
^l	 r+ 1 a	 1	 it
	 1	 }.	 !	 ij	 lr ^ r Ti I
	
^7! ' ',^ l ^l	 ..a	 'ij	 2 ^	 r	 t	 r	 r	 l.r
^	 II. ^ 111 i ^I	
t	
^	 ' 	 1	
"t'	
l .	
—.-^
{	 i
1 .	 t	
:L Ir{	 1 {r i^ i rl	 ^
	 ^	 ^	 11
	
'	 1	 ` VO0OHT}	 r i	 r	 j 
;-
1	 r	
t
..
1
—^	 -^-'
s	
II114 	 ^	 --^	 -,
3; 'At?.1 AR A: 
I
t	 1	 =`^ i-	 ",;:	 :^	 {	 1	 ^	 i	 J	 is77 ;17,.!!
-_ E J	 t	 -VOUGHT
	 .
-- i
i	 rte__	 .a-
_
w
	-	
--^
^i
i	
r	 I
Tl_
r	
i	 i	 1	
--45 bhl,
	
-	 -	
-
-^
!
.	
-	
^	 tl^S FPM iTOT	 I	 -,__
{
i 	 I	
;;444
	 ^.	 I
r
-	 -	
; -too	 -40 j -zo
WK	 pe rr^
ro
c,
OD ^+
m
°w
U.W Z G
Ha H as (2) n 2
H °
a.
rn w H °a o
IN a I
>'
"'
u
°a o o C7 9
z
E-4
o a
a a o a
w
a a
a
w
U) w
E-4 z w
w 	 o
pQ
4
w EWaz^ M
o.^-. HU^1
;^
aQa
U-) c
W
^aag H E- ca
O za 04zz ^ zQ a ►7 qqQ	 a
a Ln	 0 Ln o
a a
`4
[Hsi
.
r 1
Oro% w
r 1 N I (
Cl W > +	 cn
O W 1.4
q N X U)	 1
U WH Enz0 
P4
Oz0z
WU
aH as ?Wi
aO	 Q 00
U	 Q U U
t
o
E+ Q
N
W
m w0 uW H z
can rx H H ^
a w a W	 E-1
a	 a
U H
WW
(
D o W	 a
H E+
..
H OG
a H a z °aH °u 33A 	 H
W a a a 3
w
^ W a	 Q
F tip
E-4 3
x	 z
cz Q
H E-1
H a Q cn W O H	 zCA
W ^ W 0U H to
T
0
z0
F—
c
W
A
cr)
z0
V
z0
VWJ
w
_A
LL
F—
O
a.
z
O
F--Q
a
.^a
J
LL.
i'.	 T
9
0	 LLJ
A
ar
N
Z
O
V
O
U-
c/)
W
v
Z
O
L-)
I-
Z
W I-}	 LO
O
I .J
1- Wa a
w
a
zO Q
wW 'L
m dQ d.
•OF-Q
A
00N
^` N
:X
3e
^ w
c1
N
cn
awA
H
JQ
A
,
OF—Q
WJA
X
LL
.-1
F--
WvZOU
N
a
k
a ^
T MWQv
o
Q^
S W
	
W
4gt ^	 ^
^
^^Q
o u	 ^,
o	 W
4
R Qlo
ul
s
N
N
V)
Q
ID-Ja.
Wa
W
J
Z
O
F—Q
A
GQ
r-+
X
W
J
LL-
• N
F--
Ca-
Wv
Z
O
V
r
I
i
Ki Q
11
Q
N
kQ N
Q
2
ti4
v
^ ^ V
h tr	 t
•
N
w
CD
	
PQ
c aA ^ W
W
or-
Gq
OH
ZO_
J ^ -
LL
O1-Q
W
J
WXJ
i
WU
OU
T
l^
0
4j
^ , I
Al
z ' 1
^T
toC/)Q
O
>W
Q
AO
Q
J
O
N
O
dW
a
W
I-
JQ
O
F--Q
a
J
WX
i
a
LLJv
V
• ^ Y
N
Q ^ ^
4 Q
^ O
VN
N ^'	 00 ! P
Ry
QT
0 e,
NJ
U
JW
Q
A
1
cr-
WVZr 	.O
e tub 3 %	 o ^L--^J
4
'20
 ^ Q
e   W
J ^
•	 ^ J
Z W
YI
r ^
QV
aOe5l rf ' )eMS eEA C1W iNVELOPE
VOUGHT
/
ROPED RAL.
/	 ZS
^^	 X*c
I	 I.^	 I	 I
PAYLOAD SAY SIDE VIEW
AFT MOST LocAroN Foie
RMS ASSIST
n^ f 4
a
PAYLOAD SAY TOP VIEW
n
t93
0
N
HdW
Z
Q
JWZ
a
F-a
0
1-aW
VJW
ZQ
a
v
cc
0
W
D
F-^
t/'1
Z
C.^
QaZ
C.^
t/1
WM
•
Q"
.9
wJ
J_
H
cr
Ul)
Q
1 ~
H
w !
O
1	 U
1	 r 0
f^
T
Lo3
0
0
J^
LJ
J^)
\j\
V
Q
It--I
•A
1
INK
"	 II
I
IN
s
Lo
0
X^
r^ N`
I
'm
W
A v►
d^
^ aW
N
0
W
O p^G
S
W	
- -^ -- -szj
1	 s
1>
N
li	 I/
IZZ
Q`\`	 N
5 Q
JQ
V v
I
Lh	 -
/	 ♦ w -` ^•
^	 I
^\ . \ \ I	 I	 Or W
p(
F	
06
e
T
0
00
I
U)	 w	 01.1kil";tkil PAGE IF
it
0QQ
LAJ
J
^r
O
LL-
LU
O
J
L LJ
a
LL1
LLJ
LD
0F--
cn
LL0
Z)
Cl-
F--
cn
z
Q
U
LLJ
Q
Cl-
lJ
n w T V IA!
.r
J .. v. -. O .r • .
.yr
11 M M x x M M N
.r .. ..Nw-. .n
31 ^r^4w.rh
N .!^ ^ N N 1^ x1
n lj
 l n n a
w E.J 1-1 W W W Y
T
0
r
j
I^	 II
I'
,I
l'
I'
i Y ^ v ^ •
a00000
x x xxx x x
Ln] 1202
N • ^ O
r r r l O m
sso,^^s
7
4
a
i
S rQ
C Q
z
H
NQ
H
NH
W w
..4 0
Q rnra
xH
C7
a
E
H
ia
W4
r `^
L
4
ti
I
• To
Lo
O
j
4
3
1
E
f^l
it
. ;S
A
r
kJ
v
^Q
v
Lz
Q O
Q ^3
h
Z
H
i^
1
I
.	 o
`	 1
to ^ \^,^'
W
W ^J ^
^ e W
I ^
7
^W
;i
I----
,.
I	 I	
'-1i	 j \
T
- ^ I
L
0
iT
Lo
0 z0
U
Q
JLL
2Cl-i MECC/) aF-Cl- cn	 rLiJ >U
-z: WO n
JLLJ F-QWd. Z
crC:) •
Q
i
ii
J
W
_ p
O pJ J
O 0
LL
z ?Q Q
J
Q
m
N
m
W
LL
O ^ J
LL 0 j	 O
J	 WQ
QIL
coz
m
C	 m
Z ^j
0
U}Q zZ
O
O
0
cr
O
Z
W
J2mO
U LLOaZ m —
N Q U TrQW
CL -r
D
E
E
003 LL O
O
J
coN
ujOz
C7Z=
C^
W
uj
m
O^	 F
W
m
O
OW
Oh
-- aN¢..O m	 yY(,
W Y OJ
	
V U.	 c	
O
co 
p^
JW
Z
Q
0.s Za
	
O
Q d	 JLL
OWa
a
Q
m
	
W	
m\`^
a ^\
\\W4 °O it
0 ^ a
C13 1
cc
O
U
z	
UJ
O	 Z
W zm^0
LL N U
41
a 
LW
u
ZO
V
Q
OF-Q
OQQ
O
JLL
OW
a	 r
a
f*
VOUGHT
`11511^^^11!
IIII.^IIII,I
TT
IIIII;II!I
B) SECTION A-A
HEAT PIPES
	 HEAT	 lip-rFACE SHE"•T EXCHANGER CORE HONEYCOMB
- 4- t O w W[,tH
	HONEYCOMB l C) SECTION B-B	 0.63bcm
HEAT PIPES
	
DI SECTION C C	 HONEYCOMB
LOW COST HYBRID HEAT PIPE CONCEPT
WW
CL
CL
W
z
CL
cc
O
Q
D
z
O
H
W
NNJ Q
Qa
O0
a L`
az
HQ40
W z
2:)
Q W
Q ^
O
D /C;4;
J 
Qz
w ^++ J
a1L
v0
W
CL
'a
H
6
m
0U
z
0
Q
w W
co
zQ
UQLL
z-Q^F— 2 m
o izn
'Q
mO
CL
Q
t
w
N
wUQ
LL
z
D
JQ
E
A
\p
V
Jam`
J
Q
a
JWz
a
m
m
LL
w
le
N
w U
zz 3
OwU O
U
mW
Z
wU
z
w
wQU(n
tWVz
V
Q
a
0
Q
W
CL
CL
H
W
J
0
LL.
z
J
Q
()W
F-
z
N
r
VOUGHT
10•
Im
X
1103
H
a
W3
Q
0
HQ
Q
10'
10'
-PUMPED FLUID
--INTEGRAL MANIFOLD - HEAT PIPE
COMPACT HEAT EXCHANGER - HEAT PIPE
TSINK = -22°C
(-8°F)
TIN, TOUT
38, 4.4
(100°F,40°F)
11121,54
(2500F,130 0F)
10
	
100
	
1000
HEAT LOAD - kW
T g
^
o
0 ^^ $
O aWLLW
Wda F
¢~a>_ Smj
z
M _a Nf 0
^I 3
J W 8 Ya '^ a¢^a2 Oa
WZ I- O
Z2=¢ ^ O Q0
Z
O
z
CL	 Z
=
Z 3HQ0
¢	 Ot7 Y ^ d Wto O ¢W
^	
cc
S
o	 44
a
SL
tt 7col VD
¢0f-
a0a¢0
0W
IL
a	 r
W
	 r
CL.
IL
F-
0
^8	 R 8	 °
W
W ¢
Lx	 H
aOQ,..
¢ Q ¢ W F	
F w
H	 C^
>	 CL•,. E+W
W 040
H
r
i
0N
e^
^O
r;
.o
t•
-M
04
O^
r
W
l
r3
_o
^y
1
Or
0
v
e
VOUGHT
^ C0RP0RfaTiO1'l
n
W
Ta
J
lL
CL.
a_
N
f0
s
r
cnZO
J
0U
J
a
O
cz H
c Q z
H
Q
H
L7
H Z4 O
a H HH U
E-4
^ Q
x w w
a
W F
x COP
O i
:+. N
O !)
H 4
z z
c w rti 5: r7
a ^ 7 w a
H W =1	 ^l
z W U: r1	 H
O	 3 t^.4 J	 '_+
cn	 H a H
'n	 V) a.	 N
H W Q J
4	 C7 z ^ H
U z
z :a
cl H o
z a H a
a :a
:n
a ft zd2
W H
z J
D Q z a H
.a	 a O J x
H ita	 U'
H^ J) H H
.L Q a
Q. ti
.z	 7E x F,	 c^
t..	 at -2
	
c^
^ N
m.
1
"L
I.
1
1
t
F=
v
a
LLJUz
V
D
Oo
x	 ^
i
Tw
cD
wJ
Q
YUJQ
CL O
C
W—
UZ
O
n
Q
W
0
Z_
V
^
n
v.]
VLLJ
0
O
r
w
JQ
>
JN
cn
F-
YO
F--Q
Q
O
O
J
Z
z
Q
V)
J
^
o
n
in
<
^
:>
0-
Cn
w
m
<
U
Z
O
(/)
w
U
^
w
N
C7
LLJ
Q
Y
Q
Of
W
=
 F-
Ln
F-
 
Q♦
I-)
w
UQ
z
O
U
J
w
V)
0
d
oQ
ct^
U
r,
J
a
W
O
O
O
,w
of
W
Q
V)
JJ
0-
0-
OC)
-^
n
Z
LLJ
O
Y
U
Q
CL-
O
n
::D
^
X
JQ
2f
O
F-
0
n
Z
• v • • •
op
NN
T
Lo
30 V)
I
W
W
ti
LU
W
Z
O
Q
O
0
v
v
C^
i
Z
V
v
v^
W
O
ao
co
1
ti	 N
on
I:
u0
z
w0
Q
z
w
O
LL-
0
W
F-ULA-a
Jw
V)
wUZOU
zw
OJ
CLw0
cn
Q
t^
z
O
d
0Q
LLJ
J
m
x
w
J
LL..
w
LL_
O
V)
F—Z
O
J
a.
g
m
w
J
m
ZwI—
w
-r-
F-
0
Q
C)Q
W
J
m
Xw
_J
L1 _
Iv
m
LL_
O
V)
Zw
J
W
Ul
0
v,
V)
U
cn2
0
F--
Q
0
F-
O
J
O
JwZ
Q
D
M
4o
,--r
	 N	 m
T z
- 0
] z cm Q
0
0 0LLJ
W
Q
O
J
Ln W ¢
n O V)W
0
=F-
Zp
_
V) J Wn
.W
v)
0 ti(V _ mF- WV)1=J
< m z
V')
z
U
o ^-
Q U
LY — O
~
IW
-j
'-
LL.
N -T-
a
m O00 W (M 00
w Q
g
LL- F- Q C:l ¢ ¢ m
Q cn _^
FO
^W O
~F-
L
m W
O z
1JO °
F--
cn
N ¢ LL.
>
0 z J
LL.
°
c z 1':'- (3 U
ZD ¢ O U
C LL
JO NF- 
¢ p z
a. o
¢ O ^Z
Z
O
^ 0
ZD LL.
= Z LLJ
w
im
UQ ¢cy-
O
O Of N y¢
W F— U ¢ (-') c/)
• • • • •
Oo
W
CQ
E-4
Q
H
000 0
N
G
a
o x
a H
Uo
D	 O 3	 C.
0 o O o (+. h
U-4 vO v
u
E^ ac
H H L1 3
:D H	 E
a	 a
w	 w
w
Q
U
Q Qa
z o
H H
F
a a
H 44
U Q O
N Z L
E'4
C4 `_'
O W c	 a`
^O G• 0ri O
a r o
0 7 x x
.^ w
x H W 'T Ln
E-
a ^
r ; X X
3 N O
n,^ II Cn '10 O
O E 4 W v •a
E 4 a
- ca Q
Er
:a a W
x w o
ti 'M
a
E-1
H
:.A C^
Q
a
^
v ^
T:f
00
E~I
PJa^
E- O
Q .-I
^aaw
<o
c.
u
Lu H
X :D ac
l!! ^
t^.
e
I:
E-
z
w
0
a
a
WG
U
H
Ea
F :,
J
W
0.
a0
E^
a:
H
L
a
wH
Lt:
H
N
GO
T
I	 ^
O
^a
J
^	 1	 ^
l-^ -
^I1
A{ ^, 1
1
•
v
47
TILA^
t	 f
(y'	 i
r
T
O
i
1
4
LIQ
09
G^i.
0a
a.
w
^l
L
H
Q
a
H
E+
R
E^
C
wc
Ei
R
H
_yS
Sj(
0
1
R
s
J
fy;
C.
r1;
R
0 G
E+ E, R
< ;e aHw x
q^
a: c
a -
ww cn ^-
^	 z E E
G aW. V^ 3 L ^'.
W E, < H H
>: G C ai R E-
w w
a a. n S G r
u, to a
E, t1 h a
E- R: . ; cri	 [:.+ G o0
H C.. U a. > cn W
ul
^. < ,e.^ 1ti l/i w
,.a b L7 .. > •. G R
u ^: 4. A: Q: H t- U E W 's: C
► ^ .^ x G w w ^: F. H R
C L ^: L [+ R C < cn C
c H E- r l v
a, Q U
a< c C •y U z Ix G. W H E- C7 z ►= H
C ^. x E ► ^ w G G U k: C c E-
64
 E. :j L,. <: a G i H w k uo U
.... q < < ;4 ., w .. E- " r, <
^ Qrr.
<
W cj
:. s
--.
^. U E-
.
O
U - 0a
R a. W <: E-
J E•
C
C C,
< Q Q a: U w V N N N C (a; C N R
C. G.. a. C- f . ^: ^: U Z U : z 'L : ^: r^ U k C
E-
Ul
w
z
OH
E•
u
U
a.
c^
Q-
00
T
0
	
r oO o rn o cc v 0 %00 m 0 0 00 (") Os ;4 rrn	
:i
Vr	 00 N	 17	 00	 r-/	 N	 O r^ 114 1p V' N V'	 -I ;	 N	 V' 1p 1	 1; r^
i^	 r-1	 N	 O	 V'	 M	 r-i	 f-	 t0	 00	 u) d' 00	 lf1 rl)
.-i
	
r-i	 lfl	 lD	 f^
,a

0H
W
a
wG
8 a
a
cF
H
Qr
W
a
Qom.
H
Y
^-ia
w
i
IT
Lo
0
F:	
^I
N^X"
 ^Il
^•
!3, .'
a
wt
w
f
0
E
w
a
L..
0
c:.
a
^LL
E-
R.
R.
L.
16
W
^s
^
o
F
4:
a^
QaQ
x
H
F
L
3
µ. ^ aQ
0.
~
w
a
o
o
z
b
a
a
LLS
^,
`'
FH
Q
ac
c
Q
J
a
c^
a
x
L'
x
W
W
U
H
E
a
E-
L
R
W
d
a
^
z
H
o
L
z
v,
a
cA
z
O
I/)
E-
,,^G
0
co
3
o
z
0
Fi^
0
a0
F
H E.
W
R
ra zQ W ► i
W C] 3
a ^ N
H (Z^
x
w
w
F
x
WH
3
z
O
F-I
Q
a
G.
MT
i
T
0
r co O O O O O co co ou p rn O m
co Ln N
 r-1 N O N
U1	 ^'	 t} r	
—1^D	 M .i f^
	 f 	 U) N
N
M
kD
qw
OUU
Q
YON
J
OZ
OOU
Z
O_
F-
CL
U
V)
WO
F-ZWZO
S
O
U
Y ^I
O J^O
O 'o -- (7- r-
	
ED0011\ 00 f` .- 4 NCV►!1 LIN O N ^--^ N 	 O 9
OOOCCOOCr-+
N
U
Z
C/I
N ~
0- V)
Z
C:) Z
Q
... J Z w
M N N
O
_..
=C/ I W W V) LiJ
O
LLI
Q O z< WQ Q 0 2 0 = U V
J^ ^ FW... ^LA
^ 2 z =.""E
LA-O
i
O
LL-0
Op
N
WC^
Z
W
Q
ce-
LLJ
z W
CL
LLJ
LAJ O
W
J
O
>
Q=
0
0
z
WV)
J ixCL
U
UQ
zt-
CT-
L	 Z
0
ca
^v
^i
ti e\o
I
eou
a a -^
3 to
> a ►,
rl H
E-+ 3
CF
z a
o \Z:I
^ L i
a
a
i
 
Ilk
J^ ^?
1	 ^
tia
1
f
r
r
I
i
i
T
0
O
w ro
0 r-iN O
+IU
oa
v
m
^4(D
a u)
b
.n v
ro as
,-i, 
ai ro
U)	 r-i
C v^o w
Ox QX10
0  4-J
N w Ln c:
0 4-J I a)
•H r- L') •H
a U c^ 3
0000
L,
b0P
^II
i 	 I ^
W '
LO
T
d
^ r
w3
O
F--Q
WJ
XW
J
LL-
O
LL-
C-1-
O
N
J
O
OU
W
I-Q
Zw
W
W
i 7C n ' Y -M r1
6d - 351tl 3YfISS)Yr'lllOdi^ - 1N3IJIf 11 1lW 9A0
SLLVAA - irwNl
w
OF
O	 r	 A	 + •
O1sd - 3SI W
 3NnsS3ud
N
M3
^ Q
N U.
o>M
Q
Cl
WA
H
w
wE4
Of
L HH 0 ^'
UQ H F-4 To U
N H
W
H H U
ra 
H fL 
Ea-4 H Ga
O W
N W W Q
CQJ 
w
z0
a
8	
Q
' ° W zf) H W
U a W F 	z aE4
w	 ao00 O a
H ul '^	 A c~ni Ltl
	
Cf^ H E
c A °	 O 0uOf
HE+ Ew-4 waw0 z°z
aD4 44	 H
114UW^Q
E-4 IZ H 0 W	 q
W
rxH
W^ W E E-H O n cn
J
LL
N
^N
Q^ LV
i	 O
OF 
W `
^>
w t
g>s
I
0 0 0 0
0
2
F-
0
i-Q
Q
Z
O w
O OLL. -J
J ^W W
Z
Q V)
o O
c 7 V)
U
w LoO
ZO
U
V)
W
0
0
Z_
O
Q
Qce
W2H
V)HU
Q
C/7
0
Cl-w0
N
Z
UWZ
O
V)
U
i
1
O00
m
ZOJ
M
ti
JwZ
O
h-
a
0
a
U
Z
O_
V)Z
0
O
cn
JWZ
O
JWJJQ
cn
OJ
LL0
J
LL
O
0-
za
of
f--
0
J
LL.
1—
V)ZQ
zO
w
w
LL-
N	 x	 H
	a 	 3 cA
Z w w a4 44 x a
O o o	 0
W O O 0 o a -^p
(^	 c OO
H x
Q z
H H O 3 Vl
aE
• E-4 O E+ OI V
w	 w
O
Q
JW
Z
Q
CL-
V)
Z
QD
Wa
C^
zH
3
I
W
U
O
w
a
0
z
ri
,H
I
z0
H
H
a
H
x
c^
In
W
Q
H
L
x
a
w
c^
U
4
a
AH
a
a
w
CA
a
a
^J
z
H
3
N
I
H
C7H
w
3
a4
E4O
E4
H
W
3
U)
A
a
0NN
r-1
Q'
T
Lo
0
W
4	 a
C7	 A
z	 H
H	 ^
E-	 a4	 w
H
J
N	 H
H	 C0
Cja
W coN
sM	 x
U	 W N4	 N
W `H 
U 
ao
4 x
ON 3O O
E-4 N
X I U) NH oo
r'1	
E-+.-1	 C7z
r W
I ^ A LY.
a w c
0 a
a H
a w
Ln Q
T0
.s
aA
a0H
a
Q
a
a
w
AH
UN
a.
li
^J
_, 1
I1I
t
	 IN
1 M
aH
a
E-^
wA
3
w
oa
a
s
a0HQH
a
w
z
aR
0H
H
a
it
1^ i 1	 I
Fi
`^	 1
	
1 ;^^	 1
^	 I	 1	 '	 I
1	 ,	 ;
I	 ,
S
I I
^ I
^^ y
O
O
•
.	 \rte ^1
r•
T
4
Q
W
H
R
wQ
a
0
E^
H
[.r
Q.
R
To^	
.t
0
I=
0	
S
wu
a
a
aG
E-
Q
Q
a
a
w
a
a
a
H
^.a
H
Q.
Ln
z
ri
R.
8! 11
4 C-4
^ ^e
b
tl0
O
m0
It
o0
M
O
U
U
d
Y
N
7
O
w
LA-
ZO
r
U
w0
F-Zw
L
w
C.^
Z
U
JO
i-ZwU
cr-
w
a_
I
UI
LL.
O
w
ce-
Z
w
G.:
H-
d
0ew
w
F-
J
U-
N a_
LA- U
--4
cpl (Dti z
^ jJ
_
V)
IZ
F-
U
LLJ Ln _ wZQ Z^OJ..ZOCD r-
C.7 X X Ln
z
wMp0 F-- V)
QZ -'^0a-d O U
UZ^^Jw
Lf
Ln
^EU O- L)
n-
r--1
00
r
J
C)
O
U
U
d
T
0 `rl-Ay
"oavRoNp.
-^ --^ p aR N 0 0 0O Cj CCCOOON
-f	 ,
Y
ISIM ImMis"lodoloww
	
INVID140111r111110
W
ILIWXk
Ca o
•Cr-
O
U-
4_
Cl-
N
Z
W
lY
U- W
W ^	 Q
7EHa	 a
--
►— a E O
	
u4
u.+>
Q
waz v cn n	 a u
Lai r- a.o	 x
c n N	 V) U
uJ ern\
cr- — %.D u1
CL -4 w	 -i u).
LU -4 CA
CY a w
	 •^C O	 W
a. cn 	 xrz
1-+cza.Oa)Cn
Z
a xw	 4[a^
d	 :c (n
0 1n W O	 LLL
►- J	 N Z	 N
a ••cnHx c^ q x
V) :7	 cz: ► 1 C7W a. Cl
CL CD 	 -3WC.. a ••vUU^	 :c
w
CL
Cn
I
!1
1
1
a H
co
OlW
J
Oa a4 W Z
•	 1 ( n 1 1 H
N W 1-1 x E- Cn V)
zz	 CX H Q D
Z 4	 u h 0
W	 cz c1 a. Q cn
cx	 D	 •.	 cn
LL4	 v)	 O O ^-;
u V) V)	 Q H E
azo `^ a ` wa
a 1 + a ZH UO
H	 J;-D 1+H
04 1-1 a O t. QO H r^ VI
	
X H 1-1
rn H 5 a. --4 H 04
1 W 1Ui o N3 Ocz
oE, w v z u
o0z 1 0 V) zE-H
wox w	 au
H C+. 0 H a W H H
^ :n 4 ^ H
H H
►-+
►-^ Er ►^ ►-1 H ^	 U
ZvE'iLW^40 vHi cAo Cww
W V. c^ W x0 ca; J V)
•	 • •
	
•
T
Lo
0
f
Vi
ml11
o T -
-- -N I
wt
r
Q mN UlN toN Ln,v
Ln
h
ip
t0
cif
h
v
h
LL
C*) Q o mLo
w
m
fn
Q
Q1
ri
L1
cn
Q
O
LnQ
Q
O
to
Q7
{o
Q7
N
N
N
w
^
N
U
o
_
Q co 8
N
m
Nh Qh Oa hm
Q m
Q
.D
^n
N
to
C W
In
cu
T _ _
—
--
J
^y
W
r
Q
C] N IQ QO
N
Q7
t7
/Y
J
W W
r.4 N Ca -7 C7
1
J ZW rl
- O
!%1 N
L^
r
C
O
Q
Q
0u
Z
0
+1/
O
v
Wz 
O"'
W J
OC
LA. Q
S=
00
D IC
O
i
I^W,
l
l-
r
+1
I
iM
L
L' r M	 Ln	 O	 N %D oo	 v O	 O O O O D	 %D
W Lc)	 O	 N-!	 4	 p; t4 N	 4 eT
	
pp
^l 0-4	 aT	 N	 N M f"1	 .--4
	 N M p m m	 NV) r1 r-1 ON N H N
r4
-4
0
E^ F
x
C7 C^
S S
>+ E^
w
a
o s
E^
UJa
H a►
o0
a
x
w
cn
H
z
a
sU v a a W z c) O
cn w a ^- w E- a
L ^' u
a t- O X a w w
z E- x ^ o
a
QQ
x
C
T .] v) V) 2 0 N EH.
O D .a ;s W ri v, U
.) v, O
w v)
w E~ ;' G z
a E^ H
o
:z 0-4 o. U E. a pauw u a sw w ow o aa cn rD v, m r r h cn a. a
a0
a
G
^-7 T
LL N
O v
H
^i
r•
Q..
E-
C7H
w3
UH
HUJ
0J
R
a
H
a	 ov	 ^
a z	 o	 cnO	 CX W
V	 Q	
Ly	 U
a	 ^w J
o= 
_ aa^
N	 =	 U	 t^
h-.a
	
}	
_jZ
ma
vs az z j0J L A-W
3 
CL
-0O 
O J U V
N
z	 _^	 zC^.) ^^
VI 16-
= U	
Ly
L ^ Lu	 Q Q
o ^Q za ^crCLW NU	 Z -J 	 O i^ Q L/'^
O < C
	
Z	 W
ZZ 
^cD v O Q OC)
CL W z 0= W
GC = U^	 QZ
2 Q ~ m ~	 2 C7
^ ^ = O Y D ^ OC
I
Ln
0
V)
J
Z
U
N
O
F7
1.
Z ^
^ O
> to
V)
RDa a
o °o
Z
Q co
D z
LAJ
Q
O ^J
CLO
4iCL Z
z Q
W
Z 2N
W Q
^ U
W W
Z z
• •
HZ
W
CC
saW
CD
HW
D
ad
r'
c
t
i
r
r
i
i
^I
TT^
i^
0
W
Ne
LL
V)W
0
N
0
D0
OUUa
in
z MQ W
LLJ
6
^ N
W
O
^-z a
^o
JQU^
W Z
=D
m
Fes- N
OW
N off 0Z Z I--
O^
 JW WN^
Q
LL f
^ C? U
— zN O
p C U
0
Q^- Q -
o0 c^
0
W
Q
F--
cn
O
W
Cl0
N
Z
O
V)
0
Q
ND
OJ
Q
aZ
U O
"a
W cc
CL w
`" z
a^J LL.
Q W^
•
m
O
ii
i
i
i
Q
X
mZWG.
Q
N
Z
D
ZC.7
NW
D
JW
a.
0i
ar	 I	 ^^	 w	 r	 Ac	 I	 u
.N M Yrt.
amp"
i	 ^ 1
yet K V, +ua^	 - ^^	 /
1^ .^^KT14^L
4
^	 1
PLD4TOR5 ;TOWED
EDLW u i. FRAM
15	 11	 13	 12	 11
	l 22^- 2?	 ^
10	 9	
-	
7	 g
'
w	 ^	 a ^ o	 ^ ^	 1	 D
I	 ^
I
IOLDOUT FRAMR
•.K.r^ cr..a	 \	 y /
^/ wc•ro ..w.
L.iZ
 ..^.
—nc
4
affo•I•.tl r r•a•O
UOT[^'
i TrnlAL a1114RT aTaycT{ala U-" VT wowKTW V rIfQT sreuc TNR Ca.+fY1^1On1
ar.l•[^[ q!P'sw\tl ^Mt[T YA^^wrt
P.•ca+ea^ifa .eN aaOr laTYQVT^Lt.W ^a1•ali "1	 Icft..ra, 1l•^..a Y4AaWgt . ar Yam aaJlcT.Wq
 a Pal.•LirlYaaasAs 6x	 u aaN -W ar,.i•a KI[cTWV
a /Oa D[Ty t anwPwbWa.fr•1 w Ilialafa arm►
as 	 1411.3.00
t ^'	 ^^ V~iR Q!j4T Tr!
A^, a/
.L Sao w •. •,^
^^ •r. 1TYYt Mt
P.
A A
re
[/.ao/	 —^uc^ /• cn..afa
foOO ry  y •oa 4Y•alDI ti I•'.a.R/
Al
S.T a•f/
•C4./V^•••if l-a Of Y•Of
•aaa•.•V.f ^.a•.l b"nu . 1 ..
PCPFLEAlb^ E kAOLATOR^^++pu«	 —^ -
Y	 aaalt M A
ascaw..w•e.	 ^.r....7	 .•
PNEUMATIC uEPLO1MENT
Si'JERAL ARR4AIGEMEATT
ouru* ^1 .^•
.^ A l
HA
.+
-^ -	
A
^	 ^ scc s u	 I	 ^
7,
9If e1/
7G ++
=SR
,^,`-^ /NYf I- ^
,^—lf.7J/-^ ^refYl\	 I -fCC- ? I
/	 !4 A07
\	 -- `r^cou Q^+t  J
1	 4►S LG2 • L
L♦ 	 (,	 u.4.1- POO
,)00	 `^^3 7 illpfR	
11	 1^
b 4 .7 r"ev
SO aL:S [DaM.i•
—	 ^ ^^AYJ win.. 3.OS
i
i
i
i
24	 27 21	 20
J
- 
_ _--_ -_---- -
	 i 41-ff	 J	 1
fT -^ r_.II
--
016	
06.
t^
awa n 8D	 — +v— — t T — --
r	 =1 Q rJ^	 ^ 1
	
i
^--	 I n
1
	
-
1,	 ,1	 I I	 Oelu .za..tt . 0, ro. o
ri• or—+. I-;1 i ticnD qtr >>Swc-^4 - r
so
^^Ttd-RA^T1 MJJtSOf YIF ^I 17'D
sae.. f
`Awe^o-ea	 so
- ^ ^D f 75 /l4.• ^ S r.'
1 :IIGV ^
I
	 io
J, T r►
SES ^-f
1
4
rSr(AA/[Lf 11/I	 ^MS:1 4ZC-S^4 _aM. ,^tQ^. 2Qt..c
d ^ 
p	 —,t— ^fo ►
FRAW
	
^JI	 IX ter+
- ^-	 - -- A^ 1 — ^- - —'-	 1	 1 ^ --- of N (, ` •c ...-c.. c.: ^ssv_ a R:!
•.•f.ct-v^ ^ D atpp
	
r	 /	 M•91.G.D ♦ - -. 4Z^0
-	 i	 ^	 I	 ^r	 •.•st Oal _^^_^Ra OD
A	 l }	 1	 ticc^a ►Ns- - 1 .c;10 SECT E-Ef^ ^ox^ocs
•.Ne5K1 • . D	 d Gt(S.
wia oDR- 4 tt.JL I	 i':
I
^ 4
,a T ' `-
8037i	 - f °
X17 .IiUTOw
(-46 il.ytLRTl•yN
OF V
T
20	 19 to	 q 0 16	 15
k, ►,..02-aP	 aLOD
M O1Gd 1,.ti ^^ RapC
^• t
i
•
^ 
r,/r,
I
\	 Ae
— .SC. «-
\
._<_
	
.^y^_
 I 	 -j1	 S+Dr 174 3 _1R[JD
—^^ i	 3 	 NG'(	 ►OS.JT T Lt,..Tw Oa T TO! STa►v
-- fix= +^ t	 wrTw tej_ POS I T OU( p 4%
1 SrOrlwN 5w (• -C ...L w•uN1`S-1--3  j -,Palo `Ta -'1 „)	 ^wtW.O.. `,,DL •^aSS.A^I(CMA IRIt NOT(- ! ►> >Gu
	
\
Fi	 s ^c `^	 3
1
9'- SECT G=(-.]	 I! 1r
at o, TDOt¢	 I^1	 •-^-^	 _ lbcS•o .. 	 ` ^I !t -..t.n_s 	 i	 .^	 'I -?	 Dery essT_ :lepo
\
lSro- r. - r It 7p z
I
r^QCr—	 L3	 I	 I	 I
^..ror+- c	 rs.a...iD-D ¢c4	 — I[T 0. W0[til -`^ SO P.CS	 I11SapAA ►c.. ► o	 Otu11 sew	 .. ')S..
 
^L!) s+,t•or. - c .,	 ronos. ►r, s..^...d	 I	 .
L^
l ^4.+19 1 	 t0r-t^.11	 ^1	 narTU SrO.,w ^rN '/` S C .I.\+...J ON .ss+_1! RC1	 ,	 '^
/"
rr
wt.o.i - lDe-tt aa^o
Al	 r fb Re• SECT N - N-^^
-1 --	 I	
-
-1	 / L__ v«
T
toga.
SCR ILA ('W .p .rr+c.. ^' .NT•
SF C7	 F 
F	
.__. e. ^;.J^e^-a R[V^
- 11 Y11tJIt tJG +4 Q/GD
	SL...,.YE '..Sti	 I	 '^
)- -.	 ..S.i r`7i T[tvt	 ./	 J
re ;Law	 I , rll," - TO AQD
1	
ft	 .S	 dt r.^.r y
^	 t '
l
I	 1-.o..r. r `[t^
Sj	 ,uYt ! -3G 3t4rD I.+Trl •u l ir .•rr 'lit)
_	 __
__	 _—_—. —
103- . 11pp—L .atw	 c"D .
h-, r-I-j{	 r• :	 r34 MW GSS • - 9a, ADD  /	 3t4JRt %.0 Of - 1 4	 Su.^`n11z
I 	
M	
E
°!'4	
n t ../S'Y:.:S.t^[!GfS 'I	 llla r[	 D Iwt... O`uLl NAM^	 ►a.lnrw S_•--•
791tal; +aot ]t._ .oft
	 As ezav 1
ADD O D .	 INC
12	 II	 10
1	 ^
^s 17
i
- -lZ I PAWt., "Lr
S .+ R • 110 1 C. y.
L	
. 
CJ
w"
fyLOr-^O^OfC5-1 4ff 1lJr
4
w st.0c
_'sm.	 is .o^.—L
_	 c
r^ of T•y STW
9p1.. 0u f v a
- ^.c .. o .++^ LSE-	 X is wry P%- a ,o zaw..L )ACSS,.w 41Z 
`J ^ Uo-c s;	 ^ •
r
IN A+ —1-".v Ake- YpM-Q')
	
1,1
 AJ Qo4A f, t Jfy -.'A+,Ow r^K - t L[00	 }--^F= -
!D!f	 Dl, x x	 __ ￿ -	 7
ZCLQL
rrJr	 -
• ^r rf	 I
	
`r 1	 1
•t,!-a.os w,.d
 - recto
^, Cr7 $-P.	 3 L'4.:r Mr^.-c.; cG	
_ ^__ 1.A^;rA ^dl^L.a	
e: •.^^ Lf+ i0
rrG S DL
Inc. w, r -	 T3 ACS
^	 ••S r.O/I a0c Nv^ - ;t I[oD
t
— 7t ^l i 7. -J w'scu p4 L11• — T^ Plc!
C1. .00 • • 73J ^•
^t o•C.Q& ru - t! •tC:
—11CwD .L^.l^ tD.l W !.C• a.r.Ua a1
7rPw.4 ^O 4!^• ^^..1 ♦ •1• Y
• i /fT D1.. ^Ol/ f^C1
Lt
.. r
1
-- fs. + cr - •o 'oco 2 oc y/
s
171/
(b mil, w•1
5EC ^ h— A
g
-
•
	
nL.w
I
I
]e t •
—. toL w ^^;^ y
FILDO ---i r
•c ^	 ^^T r^ T.
is t•i
J Je
•	 bath.. ►a, y.•a• tA&t)
^.. 10.. v l.0 •lll 1•alC Cv ► il..t
1	 c••/:. r0• tO 1 ,At :7rN	 Jrl MIOWIa).1	 .. • .1 ►u ^r •Wa . V ..ar • .T^f w •..
^	 su-aQ • -ats •.t cal •c '•o.. .ia..Tr
^	 S(.cr •Jat w^) .r.m. a	 •-(`Cr.{ Y.u • r.ti I +t'1•- t`I YOQ ac- 4 -
C Pl ►lt UM.Wa. + OQ ,yl • aaY	 l faaray C%W
D  Var 'L r LO•' l'c•40 ^Jaa l.Af w0 '-t.
,mc
 
Yl CCfa•nj r p ­ '.t ac L7 r •OW)..lI 'a WQU 0-4 Ma. ^ (! pl()	 WO f..Ot .a Q.a^.t J 'J `Na[1
• 1JJ D ' A	 L '.Qa.Q 4u'
	 JL' 'mA AWD
.^': ^.rt. - /.! atLLD	 ^['zDri • ^ 'D i ^Rr ►.• ta .writ
LD..11 Coat Of ).C` ►r•apa h	 -'tl ••L wrC. „w. •OOr r. f_a'a i t l- -4
-o g ut	 ­ 4L 	 •aa^	 r ••.t.C*il .►.'W	 +t r • ♦ R, 7Mt c ••.-a —Pt •
+ •^ • ► iY ^MD(a •TLJa a. '41Ttil.wa 4`•T.Q.1 ►1Wwr4 Or L.•lay.••u.. T ll • S).0) )•.U1 1
A"Os ¢.: •
--atLUl^,:rr ValY[(laY /er S-.ail .y 1pulvl.l4DD
LN[w vaava lagljill-1 oa tQOVv - a a&OD -
4L 	 —^ A^-
fl0ti..►al
4	 I
^-•-^ —	 ^--	 .w^`ar wla	 —^
ak.V	 1	 1	 ^L 1—
ryutam WK	 ap./acl Q)
list Pb u i
MAT 1
19LDO ^I • ^•'" —
'	 DvrCaO .„ .►r O!
/a A.+ W.
Mlttlil
	 !	
.d.77s^hv
-LIP If
is
	
J`	 iOp"
moo
9	
J•E.tiJ 
^	
r^ 
t	 ^ ^ lt^^ `x	 sJ	 7
llr	 Lp''t	 :/06	 c go A—Z
1
1
a
•
'
arr ru.a
,-Q^^ 
r •^•
•rte
^•^,
• rya
^.. oaf t.
o
^
f a •
r rrrw ^.• .^
^'	 ^..•,,.^1
AD4.	 . - .^.tl^ Grt
w^
_^ "^ f • H • 11,11	 f r_— W.. to I.	 /th 11 z
^__p r.r
	 ^^.
sar
L I . _.
@037@ [ _ r
. ^ - -.LL
1•
	
li
	
lY
W l^Y{
L-A
T
t6L•_ ..• sl%WcC
^- WNM^ n .tt^Mt itAl
f
14	 1	 is	 12
^^ A
I	 I
.l
•.19^v
.ps . . p-
^ 1
W 9 6•
u	 lU	 9	 j	 •	 I	 7	 1
s ^,
-1 -
wn^
^ f tfafY fl/'a• t a.we •v ts.•fF sr...a.
.[tV...,...ra^ f •ar-Ma fM•a11Yf^1b....► Mwt^..g aa .s .^f-.....V Af
w.wr. a.•Fan ••^..r..+...a
•Maa ..^...•..Nf•r.. {wt...f.rNw\N
.a •M..aM N^ •rv. ..Yt a n Nft•Ya Nr arty Nr.y.A.'^ *v 'Lot 1114 •..f\at• tai/ ra
'. Na1 •.^• fa1..[ .-r.tf.af asfrAaa *. M sal.ly M ..use ty ^..h\ — 1 ..3M. 'r .a.a
.•.a•ati .aa........a .rf ea..•sr ••assn
..4-4 ataa •w•,• .r•a
I
^,....a.	 nF ^
G
A
^ P
GY)R QUAG^IS
'r
.rw s
81 f•
i
!
/	 -- ra..
	 r .. Iwo-
PrJLD0 7r
............
rr	 rN
.`^-1= = —
i
.+t	
_L I r LQ
i
^l
!
.—^ 1111•• ^	 ^ r ^ ^' R	 t.RRtJ--
.»-r.ta .
f
•	 16
	
14
	
13
	 it
.I
•	 ^	 Y
^C
 ji
I	 - -	 1	
•l l l l l l l	 - - —	
+ \	 ^ C	 ` a. .►.er rr o.c
	
--	 -FI
- r.+vcal+til	 — µ^w(+^►1	 ^ B	 wr t.r +r .aer eN^rr •.e	 .
.H I.I1 ♦♦Y^ ..rw. r a„+W
	VIEW o-O	 s^aa^ee
D	
/ VIE VV 	 I
V
F	
^ I	 1
C	 . !1- -,	 '^ `tea	 /
- -13
.............
r- 12 -	
--- -15
	
14
Hco
I !	 II I	 11	 I' I fI
L^ ^ycr rr atR war n r awi. •r.{.. ns
tw .aa)
-- rra rrr n w1{w waw
•wr [ na rc,n[. crnr
SCGTION C G
It
w
u	 1	 . 10	 ► 	 e	
--	
1	 e	 1	 T	 1 l
n,....w urruwrKcrr+)rrrr^
_l
aar	
r..rrla uw.t)[ ^t+rar 	 ^/	 ^. ^i r-
MEW I amf.
A
011
I	
1A;
^
I	 kADORS STOWED
 
FRAYZ
11	 !	 10
NOTE 5L r. iKA
 \swan rau • fa faaKCtf fawr. ttlYllf ur./ar { • auc^.ta Ca..tOuaftnr Url\► bt
C1 5 1 60 slat 11 r• L a, ^P—L& at AWL&W too
\rtal toLwrtt K.'\
( R(t1•^:a +a..t •.(. Mkt r\ ai a/ aa..tR .rpmrTMLtl
CO^r•!M/1•p •!t , t r.an l[ rW.a,( t0
tfL 9rGM •a r '.\ tr. Ra►►t yrallM.?.t
a tA • (Mlul, U: •-;R •►L116t /^\ ►FfiNO[
t ar .. Vr ll,C, • c., ; aK taatl (`rarll\la\
f►'OVV alp ^{^ •.a (.r •[^• as NllfaN
109 OF RAP—CR ••'J rY•t +OW • w t•tK7VQ.
0— C-C R1 •• •t—f a 90.4u0 tot al 1
R^GhAr0ft ./rCraKl^
VIEW E-E
S
[	 i	 s	 _4	 1	
--	 3	 l	 t	 -	 -1	 1_	 A
^f	
11
Y	 ^
r^ua.a
,e n.cr•c..wo	 '
r	 K Kr• >r ttw[l	 `
I
f
	
(	 at
	
f	
I	
^	 \\
1	 E
jT
f
A-4
RACIAtOR DIPLQrtr	 r'-,^^ _	 - -^ Y^ A
r 9 „^,aa.
cowomiaTaon ! =-
PLG ?iLOD ;`atiEL
RADIATOR
iiTL be 9 _
1
`11
x °
I«	 Ic
F
E
vica Ab (u
D
C
A
- . C ..m, uwnw
8
	
7
	
6
	
5	 y
M
I
9	 ^	 1
	
6
	
5
	
1
O x
3t coO 2 4
- (i Alo1 (4ww.041^
080r -ww iwc
 -Ago
r
4
M .—M	 7vu%4.to , ,
eIA
L
4
H
I
x
z
E
F
e
irwc r
^	
^^C.-L."rwc^o.+ Aorwre3 M4^w'
I	 .
4.76
w^^^^
'	 1Lta.t A+wN .4Y^CM
Ll
s	 I^
D
fi7
^C-LONN J 1310
L^TLr <.ON /).VQT
Mme'
 A  Al A& 4,?Ml,'AIYC L	 t	 -^-^_
}r-
I
I^
III,
--II
FL -^^
a	 .r.r iow Pbac ..a
AtJ MAi.vT /^3C rio^J
C
B	 '
URIGI'^^u, PAGE ISOF Pl wik ;)TTAT rr^.
FI-	 -t+ ^.
II	 If
l i	II
Srwc
0
I
`J
I 
A 
I.- t - . .4
1^ 41 %-1 .6t
r )r	 r A4fc yA 4 1,5,1.4
V7,CA, 70 P4,VfZ .5 /AC X
r
E som:<<1-6012C
